Introduction {#sec1-1}
============

Meningiomas are the most common primary central nervous neoplasms originating from the arachnoid cap cells and constitute between 13% and 26% of all intracranial tumors.\[[@ref1]\] Most meningiomas are slow growing and histologically benign.\[[@ref2]\] Certain histological subtypes are associated with less favorable clinical outcomes and correspond to WHO Grades II (atypical) and III (anaplastic or malignant). Atypical meningiomas have been reported up to 20%; anaplastic (malignant) meningiomas account for between 1.0% and 2.8%.\[[@ref3]\] Meningiomas occur most commonly in middle-aged patients, with a peak during the sixth and seventh decades. The female:male ratio being approximately 1.7:1.\[[@ref4]\] The ratio peaks at 3.5:1 in the 40--44-year-old patients.\[[@ref5]\] Atypical and particularly anaplastic meningiomas show a male predominance.\[[@ref6]\] The major prognostic factor in meningiomas is the prediction of recurrence. This depends on the extent of resection, its histopathological type, grading, proliferation indices, and progesterone receptor (PR) status. High mitotic index is considered to be a strong indicator of tumor recurrence.\[[@ref7]\] The preponderance of PRs and the scarcity of estrogen receptors (ERs) in meningiomas are well known. The aim of this study is to investigate the correlation between various grades of meningiomas with proliferation index Ki-67 and hormonal (progesterone and estrogen) markers.

Materials and Methods {#sec1-2}
=====================

The study was conducted in the Department of Pathology in association with Department of Neurosurgery, at Institute of post graduate medical education and research (I.P.G.M.E.&R) Hospital, Kolkata, from June 2013 to March 2016. Patients presenting with symptoms of headache and seizure and diagnosed radiologically as intracranial space-occupying lesions underwent subsequent excision at Neurosurgery Department were taken. The study was performed after obtaining the approval from Ethical Committee, and a total of 90 cases was selected. Hematoxylin and eosin staining was done for histological typing and grading of the tumors. Tumors were graded according to the WHO grading system. Immunohistochemical staining was done for ER, PR, and Ki-67. It was performed on 4--5 μm thick, formalin-fixed, paraffin-embedded tissue sections that were mounted on poly-L-lysine precoated slides. Paraffin wax sections were dewaxed and stained with monoclonal mouse antihuman PR 1A6 purchased from Dako (Copenhagen, Denmark), anti-ER mouse monoclonal antibodies (Dako, ERM 7047), and Ki-67 (Dako, Copenhagen, Denmark). Negative controls were run at each staining session. Positive controls were specimens using breast cancer tissue for ER, PR, and lymph node germinal center for Ki-67. All slides were examined for positively stained tumor cell nuclei. For ER and PR, the immunostained sections were graded semiquantitatively for intensity and extent of staining. Tumors with strong staining in at least 10% of nuclei or moderate staining in about 50% of nuclei were considered positive.\[[@ref8]\] In case of Ki-67 staining, proliferative index (PI) was expressed as a percentage of positively stained cells out of 1000 tumor cells counted in the most mitotically active areas. Comparison of Ki-67 expression between Grade 1 and Grade 2 meningiomas was determined using Mann--Whitney U-test. Comparison of ER and PR status between different histological grades was done by Fisher\'s exact test. Two-tailed *P* \< 0.001 was considered statistically significant.

Results {#sec1-3}
=======

A total of 90 cases were studied over a period of 3 years. Age ranged from 6 months to 67 years (median: 44 years). The mean age (±standard deviation) of the patients was 42.29 ± 15.95. There were 62 female patients and 28 male patients. Female:male ratio was 2.2:1. According to location, 75 (83.33%) were cerebral, 8 (8.89%) were at CP angle, 2 (2.22%) were sphenoidal, and 5 (5.56%) were spinal meningiomas. According to histological type, 35 were meningothelial (38.89%), 18 fibroblastic (20%), 20 transitional (22.22%), five psammomatous (5.57%), 2 were angiomatous (2.22%), and 2 secretory (2.22%) \[Figures [1](#F1){ref-type="fig"}--[5](#F5){ref-type="fig"}\]; there were 4 cases of atypical meningiomas (4.44%), 3 were clear cell (3.33%) and 1 case of anaplastic meningioma (1.11%). According to the WHO grading system, 82 were Grade I (91.11%), 7 were Grade II (7.78%), and 1 was Grade III meningioma (1.11%). Only 1 Grade 3 is found in spinal region, 4 cases of Grade 2 are found in spinal region, and 2 cases of Grade 2 in sphenoidal region \[[Table 1](#T1){ref-type="table"}\]. Out of 82 cases of Grade 1, 59 cases (71.95%) were in female, 23 (28.05%) in male, and in Grade 2, out of 7 cases, 4 (57.14%) were in male and 3 (42.86%) in female, 1 case of Grade 3 was in male. Hence, Grade 1 meningioma is more common in female and Grade 2 is more common in male. There was only 1 case of Grade 3, anaplastic meningioma which was in male. The mean age of patients in Grade 1 was 42.16 ± 15.13 years, whereas it was 34.21 ± 24.04 in Grade 2. No significant difference was seen in relation to the age in patients with different grades of tumor (*P* \> 0.172). Immunohistochemical staining was done in all cases \[[Table 2](#T2){ref-type="table"}\]. Among all tumors (90 cases), nuclear immunostaining for PR was positive in 79 (87.78%) cases \[[Figure 6](#F6){ref-type="fig"}\] and negative for 11 (12.22%) cases. PR was positive in 79/82 (96.34%) of Grade I, none (0%) of Grade II tumors. The difference between groups was statistically significant (Fisher\'s exact test two-tailed *P* \< 0.001) \[[Table 3](#T3){ref-type="table"}\]. Higher PR positivity is seen in Grade 1 tumors and all Grade 2 tumors were PR negative. Out of 62 female patients, PR was positive in 59 (95.16%) cases and negative in 3 (4.84%) cases. Out of 28 male patients, 20 (71.43%) were positive for PR, 8 (28.57%) were negative. Nuclear immunostaining for ER was positive in 11 (12.22%) out of total 90 cases, 3/82 (3.66%) of Grade 1 and all (100%) cases of Grade 2 tumors \[[Figure 7](#F7){ref-type="fig"}\]. The difference between groups was statistically significant (Fisher\'s exact test two-tailed *P* \< 0.001) \[[Table 4](#T4){ref-type="table"}\]. All Grade 2 tumors were positive for ER. Due to small number of these samples, they were not significant. Mean Ki-67 labeling index (LI) was 2.57 ± 1.674 among Grade I tumors, 7.11 ± 1.084 in Grade II meningiomas \[[Figure 8](#F8){ref-type="fig"}\]. Comparison of Ki-67 between two grades was significant (Mann--Whitney U-test *P* \< 0.001). Ki-67 LI was low in Grade 1 meningiomas and high in Grade 2 meningiomas \[[Table 5](#T5){ref-type="table"}\].

![Photomicrograph showing whorls in meningioma (×400) Grade 1](JLP-9-308-g001){#F1}

![Photomicrograph showing psammomatous meningioma (×400) Grade 1](JLP-9-308-g002){#F2}

![Photomicrograph showing secretary meningioma (×400) Grade 1](JLP-9-308-g003){#F3}

![Photomicrograph showing angiomatous meningioma (×100) Grade 1](JLP-9-308-g004){#F4}

![Photomicrograph showing fibroblastic meningioma (×100) Grade 1](JLP-9-308-g005){#F5}

###### 

Site-wise distribution and grade of tumor
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###### 

Results of immunohistochemical staining for estrogen receptor, progesterone receptor, and Ki-67 in various grades of meningioma
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Cross-tabulation of meningioma grade with progesterone receptor status
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Cross-tabulation of meningioma grade with estrogen receptor status
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![Immunohistochemical stain showing Ki-67 positivity (×400) Grade 2](JLP-9-308-g012){#F8}
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Comparison of Ki-67 between Grades 1 and 2 -- Mann-Whitney U-test
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Discussion {#sec1-4}
==========

Many studies have been done till now to correlate the role of ER, PR, and Ki-67 in case of meningioma and also to assess their importance as prognostic markers in predicting the behavior of meningioma, but different studies have given varied conclusion regarding the correlation of ER, PR, and Ki-67 expression with the biological behavior of meningiomas. Out of the 90 evaluated cases, 35 were meningothelial (38.89%), 18 fibroblastic (20%), 20 transitional (22.22), 5 psammomatous (5.57%), 2 were angiomatous (2.22%), and 2 secretory (2.22%); there were 4 cases of atypical meningiomas (4.44%), 3 were clear cell (3.33%) and 1 case of anaplastic meningioma (1.11%). Our result is same as that of Gursan *et al*.\[[@ref9]\] who also showed higher percentage of meningothelial, transitional subtype, and lower percentage of fibrous meningiomas. Gursan *et al*. found 50% meningothelial, 16.3% fibrous, 29.2% transitional, 1.8% atypical, and 2.7% anaplastic meningiomas in their study. Roser *et al*.\'s study showed that there was significantly lower PR expression in WHO Grade II (atypical) and III (anaplastic) meningiomas compared with WHO Grade I meningiomas (*P* \< 0.0001).\[[@ref8]\] In our study, we found same result as PR positivity is seen in 96.34% of Grade 1 tumors and none of Grade 2 tumors. Hilbig and Barbosa-Coutinho\'s study differed from our study; it showed among Grade 1 tumors, 58.3% were positive for PR while 48.2% were positive among Grade 2.\[[@ref10]\] In this study, they showed all tumors analyzed for ER were negative, both Grade 1 and Grade 2 meningiomas, different from our study which shows ER was positive in 3.66% of Grade 1 and all cases of Grade 2 tumors. Shayanfar *et al*.\'s study showed nuclear immunostaining for PR was positive in 96.8% of Grade I and it was same as our study as we found PR positivity in 96.34% of Grade 1 cases, but it showed PR positivity in 20% of Grade 2 which differs from our study which showed all Grade 2 tumors were PR negative and this study showed none (0%) of Grade 3 tumors were positive for PR as in our study. The difference between groups was significant as in our case (*P* \< 0.001).\[[@ref11]\] Fewings *et al*.\[[@ref12]\] showed higher prevalence of malignant tumors in males as in our study but it showed no significant relationship between positive PRs and sex; but, in our case, we found PR positivity more in female cases. In Wahab *et al*.\'s study, the PRs were positive in 91% of males, and 81% of females; but, in our case, PR was positive in 95.16% of female and 71.43% of male. No relationship was seen between age and tumor malignancy grade, but malignant tumors were more frequent in males as in our study. In this study, positive PRs are significantly more in benign tumors than malignant ones and PRs were associated with a better prognosis similar to other studies.\[[@ref13]\] The reason for the relationship between PR and grading of meningioma is not clearly known yet, but it could probably be due to the higher incidence of mitosis in tumor cells in the presence of low number of PRs and cellular turnover\[[@ref12]\] and also increase in angiogenesis occurs in the absence of PRs.\[[@ref14]\] It was also reported that positive PRs were associated with less recurrence of the tumor.\[[@ref14]\] Walter *et al*.\'s study showed that administration of preoperative medroxyprogesterone in patients with positive PRs, tumors would result into a better clinical response compared to patients having tumors without any PR.\[[@ref15]\] Shayanfar *et al*.\'s study showed mean Ki-67 LI was 2.98 ± 2.27 among Grade 1 tumors, 9.30 ± 5.79 in Grade 2 which was also similar to our study where we found mean Ki-67 LI was 2.57 ± 1.674 among Grade 1 tumors, 7.11 ± 1.084 in Grade 2 meningiomas. Differences between two grades were significant (*P* \< 0.001) like our study\[[@ref11]\] Roser *et al*. showed the presence of significantly positive PR in benign meningiomas compared with WHO Grade 2 or 3 tumors. They also found that PR status affected survival only in combination with the proliferation marker Ki-67.\[[@ref8]\] Wolfsberger *et al*. also found that PR positivity was mostly seen in patients under the age of 50 years with WHO Grade 1 meningiomas of the meningothelial subtype and low cell proliferation index.\[[@ref16]\] No correlation was found between ER and PR status as found in case of breast and uterus. Benign tumors were associated with low PI, high PR positivity, and ER negativity. Meningiomas with higher proliferation index and negative PR were very likely to be Grade 2 or Grade 3. PR positivity was mostly seen in female patients. Grade 2 tumors were most common in male. There were no correlation between age and grading of tumors. As presence of PRs is more common in women, prevention of pregnancy is advised in women suffering from this tumor or it should be treated before any pregnancy. In women having meningioma, administration of contraceptive pills containing progesterone is not recommended.\[[@ref15]\]

Conclusion {#sec1-5}
==========

We reviewed the 90 cases of meningiomas to examine the presence of ER, PR, and Ki-67 by immunohistochemical methods and the possible relationships between their immunostaining status and other tumor parameters. The results are summarized as follows: (a) Benign tumors were associated with low PI, high PR positivity, and ER negativity. (b) Meningiomas with higher proliferation index and negative PR were very likely to be Grade 2 or Grade 3. (c) PR positivity was mostly seen in female patients. (d) Grade 2 tumors were most common in male. (e) There were no correlation between age and grading of tumors. Surgery is the treatment of choice; but in cases such as aging, medical problems, inaccessibility to tumor, incomplete removal, and recurrence or in malignant type, surgery is not possible and will not be the only sufficient choice. If these cases are presented with positive PRs, in addition to radiotherapy, hormonal manipulation can be used.

Follow-up study {#sec2-1}
---------------

Meningiomas are known for frequent recurrence, even after complete resection. Prediction of recurrence cannot be done by histomorphological features alone. Hormonal receptor status and cell proliferation indices are used as a guide in grading of meningioma, and therefore, it helps in predicting the recurrence potential of tumor. Meningioma with negative PR and higher PI is likely to be atypical (Grade 2) or malignant (Grade 3) and potentially considered to be recurrent. As it is a single institute-based study and the study period being very short, the number of case is small. Hence, it is not sufficient to give generalized result to comment on whole population. Survival analysis of meningioma patients cannot be done as follow-up was not possible for the short time limit. Larger population-based trial is required to delineate prevalence, clinicopathological features, and prognosis of the patient, and longer follow-up is required to study the recurrence.
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